We investigated the effects of weekend admission on adverse cardiac events in patients with non-ST-segment elevation acute coronary syndrome (NSTE-ACS). Patients with NSTE-ACS treated with percutaneous coronary intervention (PCI) were divided into a "weekend group" and a "weekday group" according to the emergency room arrival time. The primary outcome was 30-day major adverse cardiac events (MACE) including cardiac death, recurrent myocardial infarction, repeat revascularization, and urgent PCI. Of 577 patients, 168 patients were allocated to the weekend and 409 patients to the weekday group. The incidence of 30-day MACE was significantly higher in the weekend group (Crude: 15.5% vs. 7.3%, P = 0.005; propensity score matched: 12.8% vs. 4.8%, P = 0.041). After adjustment for all the possible confounding factors, in Cox proportional hazard regression analysis, weekend admission was associated with a 2.1-fold increased hazard for MACE (HR, 2.13; 95% CI, 1.26-3.60, P = 0.005). These findings indicate that weekend admission of patients with NSTE-ACS is associated with an increase in 30-day adverse cardiac event.
INTRODUCTION
It has been well established that the immediate reperfusion therapy lowers mortality in patients with ST-segment elevation myocardial infarction (STEMI) (1) . In contrast, for patients presenting with non-ST-segment elevation acute coronary syndrome (NSTE-ACS), guidelines do not recommend an immediate revascularization (2, 3) . Instead, in patients with NSTE-ACS, revascularization is typically performed 12-72 hr after medical stabilization, except in those with hemodynamic instability, electrical instability, or refractory ischemia who require urgent revascularization (4) .
With regard to the hospital arrival time, during the weekend, invasive revascularization procedures can be delayed inappropriately (5) (6) (7) . Hospitals have reduced staffing levels on the weekend and an interventional cardiologist may not be immediately available, possibly leading to a delay in the revascularization procedure for patients with NSTE-ACS (8) (9) (10) (11) .
Therefore, we sought to examine the effects of weekend admission on clinical outcomes in patients with NSTE-ACS undergoing percutaneous coronary intervention (PCI). The hypothesis was that the incidence of major adverse cardiac events (MA -CE) is increased in patients who are admitted to the hospital during the weekend than those admitted during the weekday.
MATERIALS AND METHODS

Study design and study population
Patients who were admitted to the coronary care unit (CCU) via the emergency room (ER) from January 2007 to December 2010 in Seoul National University Bundang Hospital were retrospectively identified for the inclusion in this study. The inclusion criteria included the diagnosis of unstable angina pectoris (UA) or non-ST-segment elevation myocardial infarction (NSTEMI). The exclusion criteria were patients diagnosed with STEMI or stable angina, patients admitted to the general ward or via an outpatient clinic, and patients experiencing UA or NSTEMI during hospitalization for other medical conditions. Patients who had undergone coronary artery bypass graft surgery (CABG) after diagnostic coronary angiography (CAG) were also excluded. Since medically-managed ACS patients comprised a heterogeneous population including patients without severe coronary stenosis, those with coronary artery spasm, and patients who refused PCI or CABG due to economic reason, those patients were also excluded from the study.
The patient's demographic and clinical characteristics, labo-
Definition
Patients were diagnosed as NSTE-ACS if there were appropriate clinical manifestations including chest discomfort or anginaequivalent suggesting UA with or without positive biomarkers of necrosis in the absence of electrocardiographic ST-segment elevation (12) . UA was defined as angina pectoris with at least one of three features: 1) chest pain occurring at rest and usually lasting > 20 min; 2) chest pain being severe and usually described as frank pain; or 3) chest pain occurring with a crescendo pattern. We differentiated between NSTEMI and UA based on cardiac troponin I with at least one value above the 99th percentile of the upper reference level (13, 14) . The risk stratification was done using thrombolysis in myocardial infarction (TIMI) risk scores and the scores classified as low (TIMI risk score 0-2), intermediate (TIMI risk score [3] [4] , and high risk (TIMI risk score 5-7) (15, 16) . We defined symptom-to-admission time as the time from current angina symptom onset to admission to the ER. Also, admission-to-PCI time referred to the time interval between admission to the ER and time of the first balloon inflation to culprit lesion.
Study outcomes
The primary outcome was the incidence of MACE during the 30-day follow-up period after admission to the ER, including cardiac death, recurrent myocardial infarction (MI), repeat revascularization and urgent PCI. MI was defined according to the universal definition of myocardial infarction, and recurrent MI was defined to MI which occurred after an incident event with 20% or greater increase of the cardiac troponin I in the second sample compared to the sample at the time of suspected recurrent MI (13) . Repeat revascularization included target or non-target vessel revascularization including CABG. We also examined the incidence of urgent PCI which was performed in cases of refractory angina, hemodynamic instability, or electrical instability, during the period of medical stabilization. To determine whether the PCI was urgent one or not, for patients who experienced unstable clinical condition during the period of medical stabilization, we reviewed the vital sign chart, nursing records, doctors' records including physical examination, and the test results including electrocardiogram for ST-segment change or ventricular tachyarrhythmia and cardiac enzymes. The secondary outcomes included the incidence of cardiac death, recurrent MI, repeat revascularization, urgent PCI, peak CK-MB level during hospital stay, and peak troponin-I level during hospital stay. Also, we investigated the daily distribution of MACE according to ER admission day. Moreover, we evaluated the clinical outcomes including cardiac death, myocardial infarction, and repeat revascularization at 18 months.
Statistical analysis
All categorical data were summarized as frequencies and percentages, whereas statistics for continuous variables are presented as means and standard deviations. The Pearson's chi-square test was used for comparison of categorical variables and the Fisher's exact test was used for comparison of categorical variables with 20% or more of the expected cell frequencies below 5. The Student's t-test was used for comparison of continuous variables and the Mann-Whitney U-test was used for sample sizes below 30 in at least one group. Linear-by-linear association was used to extract trend of clinical characteristics and MACE according to ER admission day. The time interval trend according to ER admission day was evaluated using ANOVA. In addition, we selected a propensity score matched population to adjust for uneven distribution of baseline characteristics; a 1:1 matched analysis without replacement was performed using propensity score. Logistic regression model was conducted to generate propensity score which was probability that a patient ad- Thirty-day major adverse cardiac events (MACE) for patients with NSTE-ACS who were admitted on weekday or weekend. Of 577 patients, 26 patients in the weekend group (15.5%) and 30 patients in the weekday group (7.3%) had MACE within 30 days. The difference between the two groups was statistically significant (P = 0.005). 
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RESULTS
Baseline patients characteristics Among 1,049 patients screened, 577 patients with NSTE-ACS who had been admitted via ER and managed with PCI were finally enrolled in the study (Fig. 1) . Study subjects were classified into the weekend group (n = 168) or the weekday group (n = 409) based on the ER admission day and time ( Table 1 ). The weekend group showed significantly higher baseline cardiac enzyme, shorter symptom-to-admission time, and longer admission-to-PCI time compared to the weekday group. In addition, patients of weekend group had more intermediate to high TIMI risk scores than weekday group, with borderline statistical significance (66.1% vs. 57.5%, P = 0.055). Concomitant medications were not significantly different except that heparin was administered more often in the weekend group. In the weekday group, the admission-to-PCI time did not differ between patients who arrive at ER after 6 p.m. on Sunday or holiday and those who arrive after 6 p.m. on weekdays excluding Friday (36.9 ± 41.9 hr vs. 34.7 ± 55.7 hr, P = 0.741).
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Clinical outcomes at 30 days of follow-up
The weekend group had higher 30-day MACE rate than the weekday group (15.5% vs. 7.3%, P = 0.005) (Fig. 2) . The incidence of cardiac death (3.0% vs. 0.5%, P = 0.025) and that of urgent PCI (12.5% vs. 6.8%, P = 0.033) were also significantly higher in the weekend group (Table 2) . Overall cardiac enzyme elevation was more frequent in the weekend group. When the whole patients were subgrouped into NSTEMI (n = 350) and UA (n = 227), there were similar results. The incidence rate of MACE was significantly higher in the weekend group in comparison with the weekday group in patients with NSTEMI (16.8% vs. 9.5%, P = 0.047) and in patients with UA (12.2% vs. 4.5%, P = 0.046). Most MACE occurred within 5 days after PCI in both groups, and the distribution patterns were similar between the two groups ( Table 3 ). Seven patients died of cardiac causes, five in the weekend group and 2 in the weekday group. In the weekend group, four had cardiogenic shocks and one ventricular tachyarrhythmia, while in the weekday group one had cardiogenic shock and one ventricular tachyarrhythmia. There was no significant difference in the incidence of MACE among eight PCI operators (P = 0.100) and between four senior operators and four junior operators (7.9% vs. 12.2%, P = 0.082).
Interestingly, there was a trend of gradual increase in MACE from the start of a week toward the weekend with a highest incidence on Saturday followed by Friday (Fig. 3A) . With regard to the potential factors that can contribute to the occurrence of MACE (Fig. 3B-F) , baseline Troponin-I elevation and the admission-to-PCI time showed similar distribution pattern as the MACE distribution with a peak on Saturday, suggesting some causal role in the increase of MACE in the weekend group. The distribution of symptom-to-admission time showed a reverse pattern of MACE, showing a trend of longest time on Monday and gradual decrease toward the weekend, without statistical significance.
However, there was no significant difference in MACE between the weekend group and the weekday group at 18 months (19.0% vs. 19.6%, P = 0.888) ( Table 4) .
Clinical outcomes in propensity score matched population
After propensity score matching, 125 of 168 patients in the weekend group were successfully matched to an equal number of patients in the weekday group. Baseline characteristics showed no significant differences between the groups after propensity score matching (Table 5 ). The clinical outcomes of the matched population also showed significantly higher rate of MACE in the weekend group (12.8% vs. 4.8%, P = 0.041) ( Table 6 ).
Survival analysis
The cumulative 30-day MACE-free survival rate was significantly lower in the weekend group compared to the weekday group (92.7% vs. 84.5%, P = 0.003) (Fig. 4A) , as well as in the propensity-score matched population (87.2% vs. 95.2%, P = 0.026) (Fig.  4B) . In Cox proportional hazard regression analysis, weekend admission was associated with a 2.1-fold increased hazard for MACE (HR, 2.13; 95% CI, 1.26-3.60, P = 0.005) ( Table 7) after sequential adjustment of potential confounding factors including clinical characteristics, time factors such as symptom-toadmission time and admission-to-PCI, and severity factors such as Troponin-I elevation, ECG change and TIMI score. Interestingly, admission-to-PCI time appeared to be a weak, but an independent protective factor of MACE.
Analysis of urgent PCI subgroup
The weekend group had higher unplanned, urgent PCI rate than the weekday group. Considering the possibility of inappropriately performed urgent PCI during the weekend period, we underwent further analysis. Of the 49 patients with urgent PCI, 57.1% had refractory angina, 20.4% had hemodynamic instability, and 22.4% had electrical instability as the reason for urgent PCI (Table 8 ). There were no significant differences in the reasons for urgent PCI (refractory angina, 71.4% vs. 46.4%; hemodynamic instability, 14.3% vs. 25.0%; electrical instability, 14.3% vs. 28.6%, P = 0.215) between the weekend and the weekday group. More importantly, the time interval from unstable clinical condition to urgent PCI (107.4 ± 42.2 min vs. 127.4 ± 48.8 min, P = 0.139) were not significantly different between the two groups. In addition, the time interval between unstable clinical condition and urgent PCI did not differ between MACE (+) group (n = 3) and MACE (-) group (n = 46) (104.0 ± 30.3 vs. 120.0 ± 47.7 min, P = 0.661).
DISCUSSION
This study shows that admission on weekends has an adverse influence on clinical outcomes in patients with NSTE-ACS. Weekend admission was associated with a higher incidence of 30-day MACE, which maintained after adjusting the difference in baseline characteristics with propensity score matching and Cox proportional hazard model regression analysis. In addition, there was a trend of gradual increase of MACE from Monday toward the weekend peaking on Saturday with similar patterns http://dx.doi.org/10.3346/jkms.2015.30.4.414 in cardiac biomarker elevation and time delay to PCI. In subgroup of patients with urgent PCI, the causes of and the time delay to the urgent PCI were not significantly different between the two groups. In this study, the patients in the weekend group had higher cardiac markers than those in the weekday group indicating they are a "riskier" patients group. Cram et al. (8) showed that patients who were admitted during the weekend were older and had higher in-hospital mortality. Ryan et al. (10) also showed that patients admitted during the weekend tended to have high-risk characteristics including older age, more prior CABG and more positive cardiac markers. Consistent with previous studies, our study also showed that patients in the weekend group had more high-risk characteristics.
MACE occurred more often in the weekend group in the present study. Previously, the MIDAS study showed that patients with acute MI admitted during the weekend had significantly higher 30-day mortality compared to patients admitted during http://dx.doi.org/10.3346/jkms.2015.30.4.414 the weekday, supporting the results of our study (5) . However, the study population comprised all acute MI patients without differentiating between STEMI and NSTE-ACS. Cram et al. (8) show ed that risk-adjusted mortality was higher in patients with ACS admitted during weekend compared patients admitted during weekday. In contrast, Ryan et al. (10) showed in their registry that weekend admission did not have an adverse effect on clinical outcome in patients with NSTE-ACS. However, in that registry, only high-risk patients who were admitted to the ER within 24 hr of symptoms onset were enrolled. Another trial revealed that next-working day intervention did not worsen cardiac event compared to immediate intervention in patients with NSTE-ACS (17) . In the ABOARD trial, immediate intervention with 70 min of delay did not show significant difference in the composite of death, MI, or urgent revascularization at 1-month follow-up in comparison with the next-working day intervention with 21 hr of delay. However, there were some differences between the ABOARD trial and our study. First, the two comparator groups in our study were determined by the admission date and time of the patients not by the delay in intervention. Second, the time delays to intervention of both the weekday group (mean admission to PCI time, 35.2 hr) and the weekend group (45.3 hr) in our study were different from those of ABOARD trial. Third, the proportion of patients who underwent PCI within 2 hr of admission in our study, who could be classified as immediate intervention group in ABOARD trial, was quite low (3.5%) and showed no significant difference between the weekend and the weekday group (3.0% vs. 3.7%, P = 0.680, data not shown). We think that the differences in the group classification and the study population may be responsible for the discrepancies between the two studies. In addition, in another study with acute MI patients showing no significant difference between the weekend and weekday group (18), only highly-selected patients with early onset of MI were enrolled. Overall, in previous studies with positive results, the population comprised all acute MI or ACS patients without differentiating between NSTEMI and STEMI, therefore the result is not easily applicable to the current practice guidelines for UA/NSTEMI (19) or STEMI (20) . The present study enrolled NSTE-ACS patients only, which was more consistent with the practice guidelines, and revealed that patients with NSTE-ACS in the weekend had a significantly higher rate of MACE, even after adjustment for differences in baseline characteristics.
In order to find factors contributing to the worse outcome in the weekend group, we first compared the daily-distribution pattern of the most possible contributing factors for MACE. Second, we conducted Cox proportional hazard analysis by putting possible contributing factors step-by-step. In the analysis of daily-distribution pattern, baseline cardiac enzyme elevation and admission-to-PCI time showed similar pattern with that of MA -CE. However, Cox proportional hazard model analysis showed that the worse outcome in the weekend group was significant even after adjusting with those two factors. Moreover, it revealed the admission-to-PCI time as an independent predictor of MACE, in contrast to the result of baseline characteristics and daily-distribution pattern. This discrepancy was probably due to the relatively short admission-to-PCI time in patients with urgent revascularization which was one of the main components of the MACE. Therefore, we can speculate that there might be other, hidden contributing factors which were not measured in the present study. Finally, among other possible contributing factors, time delay from development of patient's instability to urgent PCI was not significantly different in the two groups, either.
One of the reasons why weekend admission was associated with worse outcome is that more severe patients visit hospitals during weekends, because of the difference in accessibility to the hospital between the weekend and the weekdays. Two previous studies showed that patients admitted during the weekend tended to be older and have more positive cardiac markers (8, 10) . Another study reported that patient presented with more complex and critical conditions on the weekend than on the weekdays (21) . Further prospective study with much detailed variable setting on baseline and therapeutic characteristics would be needed in order to find the hidden contributing factors.
This study has several limitations. The main limitation of this study is the relatively small sample size and enrollment from a single study center during a 4-yr period, although the reason for enrolling from a single center during a relatively short period was to avoid inter-institutional differences in detailed technique of PCI and choices among various anti-thrombotic agents. Second, the enrollment was confined to patients who underwent PCI, excluding patients treated medically or with CABG. Although routine invasive treatment is highly recommended for most patients with NSTE-ACS (22) (23) (24) , this can be an important limitation of our study. Third, we used composite endpoint of MACE as the primary endpoint. Hence, large portion of the MACE comprised of urgent revascularization, which could be classified as 'soft' endpoint. Finally, this study was not a prospective study, rather a retrospective analysis. Therefore, unknown confounding factors could have affected the results. Further largescale prospective analyses would be required to assess the effect of weekend admission on clinical outcomes in patients with NSTE-ACS.
In conclusion, patients with NSTE-ACS admitted during the weekends have an increased MACE rate. The similarity of dailydistribution pattern of baseline cardiac enzyme elevation and admission-to-PCI with that of MACE suggested those factors as underlying contributing factors to worse outcome with the weekend admission. However, weekend admission still remains an independent risk factor of MACE, suggesting the possibility of hidden, unmeasured contributing factor.
